A large number of both scientific and semi-popular papers have been written dealing with the plate-count method of enumerating the bacteria in milk. The greater number of these papers are derogatory to this method and consequently are tending to destroy confidence in it. Extensive personal experience with the plate-count method of enumeration has led the writer to believe that the severity of the criticisms offered is unwarranted.
It is desired in this paper to discuss certain possible sources of the "gross discrepancies" that have been reported in plate counts of milk and to demonstrate that careful technique is important and that a consideration of the principles involved in bacterial growth is essential where agreement in plate counts is desired.
Two types of experiments have commonly been used to demonstrate variations in plate counts on the same sample of milk. In one type the practice has been to pour a large number of plates, usually 100, from the same sample of milk; in the other, portions of the same sample have been plated by workersinseparate laboratories. In both types of experiment the counts obtained were used as a basis for judging the accuracy and reliability of the plate-count method. Extremely wide variations have been reported. Wright and Thornton (1927) Other sources of error exist in the Breed method and are generay apparent, yet the Breed counts have frequently been used as a standard upon which to gauge the reliability of the plate-count method.
In making plate counts of milk living organisms are being dealt with. Sherman and Albus (1923) demonstrated that young bacterial cells were more susceptible to certain environmental hazards than were old and mature cells and suggested the possible effect of this susceptibility upon bacterial enumeration. For example, it was shown that exposure to heat or cold caused ã arked mortality among growing cells, whereas similar exposures h. l I little or no effect upon old or mature cells. The application it these findings to bacterial enumeration is readily apparent. A sample of milk in which bacteria are actively growing, if packed in ice for a period of time, shows a wide discrepancy in count when both the plate and the Breed methods are used. This discrepancy is due to the fact that many of the more sensitive or young cells are killed by the chilling. The temperature of the water blanks, the time of exposure therein, and the temperature of the agar, likewise have their effect upon young growing cells. A disregard for environmental hazards when making comparative counts is unfair to the plate method, and variable results must be expected.
Bacterial growth may cause wide variations in plate counts. The rapidity of growth of bacteria under favorable conditions has long been known, yet the possible effect of this factor upon plate counts appears generally to be ignored. The importance of a possible increase in the number of bacteria, during the plating process, is given recognition in "Standard Methods of Milk Analysis" (1927) which directs that the plating process is to be completed within fifteen minutes. The The procedure employed in the experiments reported was as follows: Platings were made of each sample of milk immediately after it was received. The sample was warmed to room temperature and held for two hours. At the end of this time the bacteria present in the milk had begun active multiplication, and a second plating was made. The sample was then packed in ice for two hours and at the end of this period a third plating was made. Following this the sample was again warmed to room temperature and held for thirty minutes after which a fourth plating was made.
Six plates were poured from the same dilution at each plating with the exception of the first plating shown in table 1. A measured amount was poured, by means of a pipette, into each of four plates at the same time. The agar was poured into two of these plates immediately and into the remaining two plates fifteen minutes later. Two plates were poured from the same dilution bottle after it had stood at room temperature for fifteen minutes. Thus there were three duplicate sets of plates made of each milk sample. An inspection of the tables will indicate more clearly the procedure outlined.
The following precautions were taken to obtain uniform results: Previous to sterilizing, all pipettes were washed in a cleansing Dilutions were made in 99 cc. blanks of distilled water which were at room temperature. Standard beef extract agar was used and poured at a temperature of 420C. After the plates were poured they were placed immediately on a cold plate until the agar had hardened and were subsequently removed before they could become chilled. All manipulations were carried out as quickly as possible and with the greatest care. The plates were incubated for two days at 370C.
It will be observed from the tables that an appreciable increase in count resulted when the plates were held at room temperature for fifteen minutes before pouring the agar and that a still greater increase resulted from holding the dilution blanks at room temperature for fifteen minutes before completing the plating process. Itis recognized that the increases in count may be due to a breaking up of groups or clumps of bacteria because of some unk own action resulting from their being suspended in distilled waterat the same time these increases are observed only when the bacteria are multiplying. In table 2 the first series of counts, which were made before active bacterial growth had begun in the sample, shows practically no increase in number when plates or the dilution blAnks were held at room temperature for fifteen minutes. It is believed that lack of appreciation of such changes may be responsible, in a large measure, for the irregular counts often obtained by the plate method. Table 1 shows clearly what takes place when a sample of milk in which the bacteria are growing is packed in ice. The number of living bacteria in the sample may be reduced materially by this procedure. While a temporary dormancy of the cells may be brought about by the chilling, it is also shown in the tables that when the sample has been held at laboratory temperature for thirty minutes, sufficient growth has taken place to affect the count materially and that the bacteria are again sensitive to the time and temperature hazards of the plating process.
It is to be noted from the data in both tables that the differences in counts due to the various factors employed are not of the same magnitude. This is to be expected when the difference in the bacterial content of the two samples is recognized. When the bacterial content is low, growth proceeds rapidly and unimpeded, but when it is high, growth is hindered by the accumulated retarding factors that limit cell population. It must be apparent from the data presented in the tables that duplicate plate counts of the same sample of milk can be made that will agree so closely as to satisfy the most exacting bacteriologist, provided all possi- changing give a smooth and characteristic curve when they are plotted. Figure 1 represents a growth curve obtained by plotting, against time, the logarithms of the number of living bacteria as determined by the counts obtained on a quantity of raw milk held at 370C. until curdled. The uniform character of the curve is submitted as evidence of the reliability of the plate-count method when it is carefully employed. The severity of the technique used in this experiment to determine the efficiency of the platecount method can better be appreciated when consideration is given to the fact that the curve was obtained on the mixed bacterial flora of raw milk. A similar curve is easily obtainable when a pure culture is being plated.
As an aid to those who may be unfamiliar with a logarithmic curve, the actual plate counts are shown in the figure.
DISCUSSION
No method of accurately enumerating bacteria has yet been found. Accuracy in bacterial enumeration is highly improbable if not impossible. As far as the writer has been able to find, the claim that bacteriology is an exact science has been set up by those desiring to demolish it. Methods of bacterial enumeration are methods of approximation. The plate-count method when conscientiously employed by trained personnel can, and does, give consistent counts when the sources of all possible error are fully controlled. The looseness of the methods generally practiced in making plate counts would be unthinkable in any chemical analysis, yet analytical results are expected. The assertion that widely discrepant plate counts are due to errors inherent in the plate method is an admission rather than an argument. The methods used in carrying out the experiments on which this assertion is based have been unnecessarily involved. Needful precautions when preparing plates have not been observed, and additional sources of error have been introduced.
The data presented in this paper bear out the contention of the writer, based on extensive experience with the plate-count method, that when proper care is exercised comparable plate counts can be obtained. SUMMARY 1. It is pointed out that the experimental methods employed to obtain the data upon which plate counts of milk have been so severely criticized, permit errors that may be responsible for the resulting discrepant counts.
2. It is demonstrated that when a sample of milk in which bacteria are actively growing is packed in ice for a period of time, a number of the organisms are killed.
3. The time consumed in the plating process will markedly affect the accuracy of the plate counts if the bacteria are actively multiplying, especially in milks of relatively low bacterial content.
4. It is demonstrated that with the proper care and a consideration of all the factors involved consistent plate counts of milk can be made.
